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1 EP 0 528 

Description 

This invention relates to improved devices for use 
in a reflective diffraction immunoassay and their method 
of manufacture. In particular, this invention relates to s 
multilayer biogratlngs having high reflectivity and high 
protein binding capacity. 

Many solid-phase binding assays involve surface il- 
lumination and consequent light emissions from mole- 
cules attached to the surface or are masked by forward io 
scattering. Generally, these emissions travel in all direc- 
tions. Either these divergent emissions must be collect- 
ed with expensive and awkward light collection optics to 
achieve sensitivity, the inherent inefficiencies and con- 
sequent low signal to light level ratios must be accepted, is 
or the signal must be measured against a strong back- 
ground. 

Diffraction gratings cause light to be diffracted into 
specific angles as contrasted to being scattered in all 
directions. The original diffraction gratings were pre- 20 
pared by ruling a number of straight, parallel grooves in 
a surface.- Incident light was diffracted by each of the 
surfaces and was principally directed in directions in 
which light from each groove interferes constructively 
with light scattered by the other grooves. This construe- 25 
tlve light interference property of a grating allows effi- 
cient collection of light. Preformed diffraction gratings of 
this type have been used in binding assay systems. 

Many assay systems have been developed using 
different physically measurable properties of reagents 30 
to provide a measurement of an analyte concentration 
in a sample. Radioimmunoassay (RIA), immunofluores- 
cence, chemiluminescence. enzyme immunoassays 
(EIA). free radical immunoassays (FRAT). light scatter- 
ing nephelometry, transistor bridge probes, indium re- 35 
flective surfaces, and ultrasonic probes have been ap- 
plied These systems use the highly selective reaction 
between a primary member of a binding pair such as an 
antibody or antigen and an analyte selectively binding 
therewith. These techniques require expensive meas- 40 
urement equipment and often involve very complicated 
test procedures. 

Reflective and transmissive biograting immu- 
noassay systems and methods were disclosed in U.S. 
Patent 4,647,544. One embodiment described in the 45 
patent uses a biograting, a substantially flat surface hav- 
ing a coating thereon and having substantially uniform 
light scattering properties. The coating comprises a dif- 
fraction grating pattern of altemating parallel linear 
zones of an active and deactivated binding reagent. The so 
zones form a diffraction grating when the active binding 
reagent binds with its opposite member of the binding 
pair. In the absence of such binding, no significant light 
diffraction occurs, that is, light energy detected at the 
diffraction angles is at a minimum value, approaching ss 
zero. When the binding occurs, the accumulation of 
t>ound material in the patterns of a diffraction grating cre- 
ates a light disturbing grating, and light detected at the 
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tight diffraction angles increases to a larger value which 
correlates to the presence and quantity of the binding 
partner (analyte) in the sample. The flat surfaces upon 
which the biograting is formed in the patent include 
glass, plastic, plastic coating on a solid surface, gel or 
other suitable inert material onto which specific antibody 
molecules can be attached. 

U.S. Patent 4,876,208 describes transmissive and 
reflective diffraction binding assays and biograting sys- 
tems of the type described in U.S. Patent 4,647,544. 
The biograting supports disclosed in this patent Include 
a smooth upper surface of any material to which a pri- 
nnary hybridizing reagent can be adhered by physical or 
chemical bonding and which will not interfere with the 
reactions which are used to determine the presence and 
extent of the hybridizing reaction. Organic and inorganic 
polymers, both natural and synthetic, are described. Ex- 
amples of polymers listed include polyethylene, polypro- 
pylene, polybutylene, poty(4-methylbutylene). butyl rub- 
ber, silastic polymers, polyesters, polyamides, cellulose 
and cellulose derivatives (such as cellulose acetate, ni- 
trocellulose and the like), acrylates, methacrylates, vinyl 
polymers (such as polyvinyl acetate, polyvinyl chloride, 
polyvinylidene chloride, polyvinyl fluorkle, and the like), 
polystyrene and styrene graft copolymers, rayon, nyton, 
polyvinylbutyrate, polyformaldehyde, etc. Other materi- 
als which are listed are silicon wafers, glasses, insoluble 
protein coatings on a smooth Insoluble surface, metals, 
metalloids, metal oxides, magnetic materials, materials 
used in semiconductor devices, cermets and the like. 
The supports disclosed as preferred include polished 
single crystalline silicon, aluminum, epitaxial silicon 
coatings, silicon nitride coatings, silcon dioxide coat- 
ings, and potysilicon coatings. 

This invention is directed to improved, reflective dif- 
fractbn biogratings (diffraction assay devices) suitable 
for use in the apparatus and methods of U.S. Patents 
4,647,544 and 4,876.208. These biogratings have a 
higher reflectivity, a high binding capacity and optical 
flatness. 

In summary, the biograting consists of an optically 
flat layer of silicon dioxide having a first and second sur- 
face, alternating zones of active and inactive binding re- 
agent on the first surface forming a spatially periodic pat- 
tern, and a reflective metal layer having a thickness 
which is sufficient to prevent transmission of substan- 
tially all light (less than one percent) therethrough. The 
reflective metal layer can be supported on an optk:ally 
flat surface of metal wafer, and the reflective metal can 
be aluminum, gold, silver, chromium, platinum, titanium 
or nickel coating on a polished wafer. Preferably, the sil- 
icon dioxide layer is formed by sputtering a layer of sil- 
icon dioxide or by coating an alkali metal silicate solutbn 
on the surface of the reflective metal. The sputtering can 
be carried out using conventional sputtering devices 
and processes, and the thickness of the silicon dioxide 
can be controlled by varying the discharge time. The al- 
kali metal silicate solutbn optimally contains from 1 to 
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20 wt.% and preferably from 5 to 1 0 wt.% silicon dioxide; 
from 0.5 to 15 wt.% and preferably from 5 to 10 wt.% of 
an aminoatkyltrialkoxysilane; and from 1 to 20 and pref- 
erably from 5 to 10 mg/ml of a water-soluble polysac- 
charide. The method for making the biograting compris- 
es uniformly adhering a binding reagent to one surface 
of an optically flat layer of silicon dioxide, the reflective 
metal layer being on the second surface: and selectively 
deactivating zones of the binding reagent to form spa- 
tially periodic patterns of active and deactivated binding 
reagent by exposing the surface to a deactivating 
amount of UV light through a transparent mask having 
a spatially perkxJic pattern of opaque zones thereon. 

An alternative reflective biograting embodiment for 
a drffractbn bioassay device of this invention comprises 
a spatially periodic pattern of zones of active and inac- 
tive binding reagent on an optically flat surlace of a mul- 
tilayer dielectric mirror. 

Brief Description of the Drawings 

Fig. 1 is a fragmentary, magnified cross-sectional 
view of one embodiment of this invention. 

Fig. 2 Is a schematic representation of the process 
for manufacturing an insoluble support with the spatially 
periodic pattern of Fig. 1 . 

Fig. 3 is a cross-sectional view of a dipstick having 
mounted thereon, a plurality of insoluble supports with 
spatially periodic pattern of binding reagents on the sur- 
faces thereof. 

Fig. 4 is a fragmentary, magnified cross-sectional 
view of an alternate embodiment of this invention with 
a spatially periodk: pattern of binding reagent on a mul- 
tilayer dielectric mirror. 

Fig. 5 is a dose response curve showing data ob- 
tained In Example 11. 

In an effort to increase the sensitivity of diffraction 
immunoassay systems using reflective biogratings, a 
wide variety of surfaces were investigated. The optimum 
reflective biograting combines high protein binding ca- 
pacity, optical flatness, a high reflectivity, and selected 
thickness of the transparent layers. Examples of typical 
normal incidence reflectivities of biogratings found were 
bare silicon (23%), silicon oxide on silicon (12%), silicon 
nitride on silicon (1%), glass microscope slide (4%), and 
polystyrene (7%). With the improved biogratings of this 
invention, reflectivities greater than 60 percent have 
been obtained, substantially increasing the sensitivity of 
the bioassays developed using the improved biograting. 

The term "biograting", as used herein, is defined to 
be a substantially flat surface having a coating thereon 
and having substantially uniform light scattering proper- 
ties. The coating comprises a spatially periodic pattern 
of active and deactivated binding reagent. One suitable 
pattern comprises alternating, parallel linear zones of an 
active and deactivated binding reagent. Any other spa- 
tially periodic pattern including those described in U.S. 
Patent 4,647,544 can be used. The zones form a dif- 



fraction grating when the active binding reagent binds 
with its opposite member of the binding pair. In the ab- 
sence of such binding, no significant light diff ractk)n oc- 
curs, that is. light energy detected at the diffraction an- 

5 gles is at a minimum value, approaching zero. When the 
binding occurs, the accumulation of bound material in 
the spatially periodic patterns create a spatially periodic 
light disturbing pattern, and light detected at the light dif- 
fraction angles increases to a large value which corre- 

10 lates to the presence and quantity of the binding partner 
(analyte) in the sample. 

The term "binding reagent' is used herein to desig- 
nate one member of any binding pair of compounds or 
materials which selectively bind to form a conjugate. 

IS The members of the binding pair are generically denot- 
ed by the terms "ligand" and "antlligand", either one of 
which can be a binding reagent. The binding reagent 
can be a member of the well-known antibody-antigen or 
antibody-hapten pairs wherein the antibody binds selec- 

20 lively with the respective antigen or hapten, or combi- 
nations where the antibody is replaced with an Fab, 
Fab*, F(ab*)2 fragment or hybrid antibody. The binding 
reagent can also be a member of other types of binding 
pairs such as bk)tin-avidin; lectin-sugar; IgG antibody 

25 Fc portion with protein A or protein G; enzyme-enzyme 
substrate; DNA or RNA binding with DNA. DNA frag- 
ments or other nucleotide sequences; enzyme-enzyme 
inhibitor; protein-protein receptor; chelating agent-lig- 
and; and the like. Also included are specific binding pairs 

30 wherein a mercapto group binds specifically with a dithio 
or disulfide group (-S-SH or -S-S-) or with a N-substttut- 
ed-2,4-diketo-3-pyrrollne group, and other molecules 
with functional groups that will bind each other specifi- 
cally. In general, the binding reagent is selected to bind 

35 specifically or selectively with the analyte, the material 
for which a sample is assayed. A non-light disturbing 
layer or coating of binding reagent is applied to an in- 
soluble surface and is transformed into a spatially peri- 
odic design of non-light disturbing material for use in the 

^0 method of this invention. 

The term "binding assay", Is used herein to desig- 
nate an assay using any binding reaction between a 
binding reagent and the other member of the binding 
pair which is selectively bindable therewith. 

45 The term "light disturbing", as used herein, is de- 
fined to include all ways in which light is affected Includ- 
ing light absorbing, reflecting, scattering, refracting and 
phase changing. 

The term *spacially periodk; pattern", as used here- 
to in. is defined to include gratings having spatially periodic 
designs which are formed in one or more immunok>gical 
steps. For the method of this invention, the pattems are 
formed directly by the conjugation of the non-light dis- 
turbing binding reagent on the insoluble surface with a 

55 light disturbing analyte. Types of patterns formed in the 
process of this invention include reflection amplitude 
gratings, transmission amplitude gratings, reflection 
phase gratings, and transmissk)n phase gratings. In re- 
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flection amplitude gratings, light is reflected from the 
grating, and the amplitude of the reflected light is mod- 
ulated by the spatially variable reflection of the grating. 
In transmission amplitude gratings, light is transmitted 
through the grating, and the amplitude of the transmrtted 
light is modulated by the spatially variable transmission 
of the grating. In the reflection phase grating, the light 
is reflected from the grating, and the phase of the re- 
flected light is modulated by the spatially variable refrac- 
tive index of the grating. In the transmission phase grat- 
ings, light is transmitted through the grating, and the 
phase of the transmitted light is ouxJulated by the spa- 
tially variable refractive index of the grating. In the meth- 
od of this invention, the diffraction grating may function 
as one or more of these types of gratings concurrently, 
and all of these grating types are included within the dif- 
fraction gratings made in the method of this invention. 

The term "optically flat", as used herein, is defined 
to be a surface with a maximum height variation of less 
than 600 A over a surface area of 4 mm^ or the area 
illuminated by the laser beam, whichever is smaller. 

The term "wafer", as used herein, is defined to be 
a flat plate of insoluble solid having optically flat areas. 

The term 'alkyl", as used herein includes saturated 
and unsaturated, straight, branch-chained and cyclic 
hydrocarbon groups. The term "lower alkyl* is defined 
to include alkyl groups having from 1 to 6 carbon atoms. 

Fig. 1 is a fragmentary, magnified cross-sectional 
view of one embodiment of this invention. It consists es- 
sentially of an optically flat layer of a transparent mate- 
rial 2 having a first surface 4 and a second surface 6. It 
has a spatially periodic pattern of zones of active binding 
reagent 8 and inactive binding reagent 10 on the first 
surface. It also has a reflective metal layer 12 on the 
second surfaces 6 having a thickness sufficient to pre- 
vent transmission of substantially all light (less than one 
percent) therethrough. For aluminum, for example, the 
reflective metal layer 12 should have a thickness of at 
least about 1000 A. The active binding agent zones 8 
have a width, a, and a distance between centers of the 
binding agent or "period", d. 

The reflective metal layer 12 can be any reflective 
metal which has the stability required for the processing 
steps and an inherent reflectivity (for polished or opti- 
cally flat surfaces) of at least 40%. Examples of suitable 
reflective metals include aluminum, gold, silver, chromi- 
um, titanium, nickel and platinum. 

The transparent layer or coating 2 can be any trans- 
parent material which can bind protein and can be ap- 
plied as a coating. It can be an organic material such as 
an organic polymer such as nitrocellulose. It can also 
be an inorganic material such as a silicon dioxide. The 
invention is hereinafter described with the use of silicon 
dioxide for purposes ol clarity of description and not by 
way of limitation. Any transparent material satisfying the 
above requirements can be used and are considered to 
be within the scope of this invention. 

The silicon dioxide layer can be any plate with op- 



tically flat areas of transparent glass containing silicon 
dk>xide. preferably treated with a suitable silane to in- 
crease its protein binding capacity. If the silicon dk>xide 
is a self-supporting layer such as a microscope slide or 

s coverslip, for example, the reflective metal can be ap- 
plied to the surface opposite to the side carrying the bi- 
ogratlng with a mirroring, vapor deposition, sputtering 
or other metallization process. 

The combination yiekling the highest optical flat- 

10 ness and reflectivity comprises a silicon dioxide coating 
formed on a reflective metal coated, optically flat area 
of wafer 14 of silicon or silicon dioxide. The wafer is the 
supporting layer and should have the physical and 
chemical stability to undergo the metalltzatk>n process 

IS without significant change. A convenient source of wa- 
fers are polished plates of semiconductor materials 
such as silicon wafers typically used in semiconductor 
manufacture. These are readily available in a polished, 
optically flat form and have the thermal and chemical 

20 stability for metallization by vapor depositton or metal 
sputtering, both conventional and well known processes 
commonly used in semiconductor manufacture. Howev- 
er, polished glass would be equally suitable as a sub- 
strate since no radiation penetrates the metal layer. 

25 The optimum reflective metal coating process de- 
pends upon the particular metal used. Aluminum, gold 
and silver coatings can be directly applied to one surface 
of the support wafer in a sputtering process carried out 
in an inert atmosphere, usually in a partial vacuum. The 

30 coating thickness is controlled to be sufficient to reflect 
all (at least 99 %) of the incident light. The thickness of 
reflective aluminum, for example, required to achieve 
this result Is about 1000 A. Suitable processes for de- 
positing the metal coatings, for example sputtering and 

35 vapor deposition, are described in VLSI TECHNOLO- 
GY. Edited by S.M. Sze. New York: McGraw-Hill (1983). 

The silicon dioxide coating Is then applied to the re- 
flective metal surface by a process which yields a prod- 
uct having a high reflectivity and an optically flat surface. 

40 The silicon dioxide coating can be applied by sputtering, 
as described in VLSI TECHNOLOGY (supra, p 358). Al- 
ternatively, the silicon dioxide coating can be applied by 
spin coating the reflective surface with an alkali metal 
silicate solution. Spin coating is a conventional process, 

45 well known to a person skilled in the coating art. The 
thickness of the coating is detemnined by the viscosity 
of the alkali metal silicate solution, spinning speed, tem- 
perature and evaporation rate. In general, the surface 
is spun around an axis perpendicular to the surface, and 

so the solutk>n is applied either before or during the spin- 
ning. If the coating is applied to a conventfonal circular 
wafer disk having a diameter of 4 inches, the spinning 
speed shouki be from 1 500 to 8000 rpm and preferably 
is from 2500 to 4000 rpm. 

55 The alkali metal silicate solution can be made of any 
alkali metal (sodium, potassium, lithium, etc) and is pref- 
erably a conventional sodium silicate (water glass) so- 
lution containing from 1 to 20 wt.% and preferably from 
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5 to 10 wt.% alkali metal silicate. 

The protein binding capacity of the silicon dioxide 
product is increased if the surface is treated with a pro- 
tein binding reagent such as an aminosilane. If the sili- 
con dioxide coating is formed from an alkali metal sili- s 
cate solution, the protein binding reagent can be incor> 
porated directly in the coating solution. Suitable ami- 
nosilanes include aminoatkylsiianes having the formula: 

RgRgRgSiCHgR^ 

wherein, 

R^ is hydrogen, an aminoalkyi group having 

from 1 to 18 carbons, or an ami- 
noalkylamino group having from 1 to 18 
carbons; and 

Rg, and R3 are each, individually, a lower alkyi or 
alkoxy group. 

Examples of suitable amtnoalkylsilanes include 
aminopropyltriethoxysilane, aminopropyltrimethoxysi- 
lane, aminobutyltriethoxysilane. N-(2-aminoethyl- 
3-aminopropyl)triethoxysilane, to-aminoundecyltrimeth- 
oxysilane. and aminopropylmethyldiethoxysilane, for 
example. A preferred aminoalkyltrialkoxysilane is N- 
(2-aminoethyl-3-aminopropyl)triethoxysiIane. The alkali 
metal silicate solution can contain from 0.5 to 15 wt.% 
and preferably from 5 to 1 0 wt.% of the aminoalkylsilane. 

The binding capacity is further increased if the alkali 
metal silicate solution also includes from 1 to 20 mg/ml 
and preferably from 5 to 10 mg/ml of a water soluble 
hydroxylated polymers, preferably polysaccharkies. 
Suitable polysaccharides include water-soluble gums, 
hydrolyzed starches, cellulose derivatives, and other 
conventional water-soluble hydroxylated polymers. A 
particularly suitable polysaccharide are the dextrans 
having a molecular weight of from 5000 to 500,000 and 
preferably from 10,000 to 75.000. 

The silicon dioxide coating thickness is determined 
by the sputtering time in the sputter coating process or 
by the speed of rotation in the spin coating process. 

If the silicon dioxide coating is applied as an alkali 
silicate solution, the coated support is cured by heating 
in an oven at a temperature of from 90* to 200*0 and 
preferably from 120* to 150*C for a time sufTtcient to 
cure the coating. The heating time will depend upon the 
thickness of the coating and the concentration of the 
coating solution. A heating time of from 0.5 to 16 hours 
is sufficient. A heating time of from 1 to 3 hours is pre- 
ferred. 

The method for making the biograting comprises a 
first step of uniformly adhering a binding reagent to the 
silicon dioxide surface. This followed by a step of selec- 
tively deactivating zones of the binding reagent to form 
a spatially periodic pattern of active and deactivated 



binding agent by exposing the surface to a deactivating 
amount of UV light through a transparent mask having 
a diff ractk>n grating pattem of opaque zones thereon. 

The binding reagent applied to the silkx>n dioxide 
surface of an insoluble support is selected to bind with 
the analyte to be determined in the assay. It can be any 
member of the binding pairs described above. It can be 
an antibody; antibody fragment selected from the group 
consisting of Fab, Fab', or F(ab')2 fragments; hybrid an- 
tibody; antigen; hapten; protein A; protein G; lectin; bi- 
otin; avidin; chelating agent; enzyme; enzyme inhibitor; 
protein receptor; nucleotide hybridizing agent; or a bac- 
teria, virus. Mycoplasmatales. spore, parasite, yeast, or 
fragment thereof; or combinatbns thereof. 

The combined optical thickness or optical path 
length of the transparent layer 2 and the binding layers 
(8 and 1 0) applied thereto is preferably about one-fourth 
the wavelength (XJA) of the laser light to be used, meas- 
ured in the direction of the laser light. 

Fig. 2 is a schematic representation of the process 
for manufacturing an insoluble support with the diffrac- 
tion grating design of Fig. 1 . One member of the binding 
pair can be applied to the silicon dioxide surface 20 
(Step A) by covalent bonding or adsorption in solutk)n 
22 in Step B. For covalent bonding, the surface, after 
being coated with an aminosilane, can be reacted with 
the protein. 

One procedure for conjugating aminosilane groups 
with proteins can be achieved with 1 -ethyl-3-(3-dimeth- 
ylaminopropyl)-carbodiimide (EDCI). This is a water- 
soluble carbodiimide which is used for coupling antibod- 
ies or proteins with haptens or solid phases through 
functional groups such as carboxy and/or amino groups. 
EDCI reactbns can be carried out as follows: To a so- 
lution of antigen or antibody in 0.01 M phosphate buff- 
ered saline, pH 6.0 at 4* C, is added an excess amount 
(normally 100 times the stotehiometrk; amount) of EDCI. 
The insoluble support having amino groups thereon, is 
added to the solution. After additk)n, the mixture is 
stirred at refrigerated temperatures for 16.-24 hours to 
complete the reaction. 

If the protein to be coupled to the support is an an- 
tibody, the conjugation is preferably carried out with a 
soluble periodate such as an alkali metal periodate. To 
a solution of antibody in 0.2 M acetate buffer, pH 5, is 
added a solution of the periodate (11 .2 mg of periodate 
per 1 mg of antibody). The mixture is stirred at 4-8 *C 
for 1 to 1.5 hours. It is then dialyzed against 0.1 M car- 
bonate buffer, pH 8.9. and the resulting solution is incu- 
bated with the insoluble support in a refrigerator over- 
night. 

The antibodies can also be coupled to the insoluble 
surface through a thioether linkage. In this procedure, 
the aminopropyltriethoxysilane activated surface is al- 
lowed to react with an excess amount of iodoacetic an- 
hydride or bromoacetic anhydride in anhydrous dimeth- 
ylformamide at room temperature overnight while pro- 
tecting the reactants from light. The activated surface is 
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then washed thoroughly with deionized water and kept 
protected from light exposure until it is reacted with the 
antibody. Before being reacted with the iodoacetyl or 
bromoacetyl activated surface, the antibody is treated 
with 2-aminoethanethiol at 37* C for 2 hours in a de- 
gassed 0.1 M phosphate buffer solution, pH 6.0. After 
the reaction with 2-aminoethanethiol, the solution is 
chromatographically purified with a Sephadex column 
(Pharmacia) to remove the excess amount of 2-ami- 
noethanethiol. The antilsody reaction product has mer- 
capto groups. It can be coupled to the solid surface by 
reacting the solution with the iodoacetyl or bronrK>acetyl 
activated surfaces at refrigerated temperatures over- 
night. 

Non-covalent bonding can be achieved by immers- 
ing the surface in an aqueous buffer solution. The buff- 
ered binding reagent solution is placed in a container 
containing the silicon dioxide surface and incubated at 
room temperature until adsorption occurs, for example 
for from 0.5 to 18 hours and preferable from 1 to 3 hours, 
at temperatures of from 4 to 40° C and preferable from 
20 to 26**C. The surface is then rinsed with a buffered 
saline solution and dried. 

The concentration of binding reagent in the buffer 
solution is selected to provide the desired reagent den- 
sity on the silicon dioxide surface. The binding reagent 
solution can contain from 0.02 to 100 micrograms/ml of 
the binding reagent and preferably contains from 10 to 
50 micrograms/ml of the binding reagent in a buffered 
solution having a pH of from 6.0 to 9.5 and preferably 
from 7.0 to 8.5. The surface with the coating 26 thereon 
is then rinsed and dried. 

A suitable rinse solution is an aqueous phosphate 
buffer solution such as is described in U.S. Patent 
4.528,267 having a phosphate molarity of from 0.0001 
to 0.05, a pH of from 6 to 8 and containing from 0.001 
to 0.1 weight percent non-ionic surfactant and from 
0.0001 to 0.5 weight percent of an animal serum albu- 
min. Suitable non-ionic surfactants include polyoxyeth- 
ylene ethers (BRIJ®) such as lauryl, cetyl, oleyl, stearyl, 
and tridecyl polyoxyethylene ethers; polyoxyethylene- 
sorbitans (TWEEN(B>) such as polyoxyethylenesorbitan 
monolaurate, monopalmitate, monostearate, mo- 
nooleate and trioleates; and other polyoxyethylene 
ethers (TRITON®), for example. Preferred non-ionic 
surfactant are the polyoxyethylenesorbitans such as 
polyoxyethylenesorbitan monolaurate (TWEEN 20). 

A mask is prepared by photographs methods con- 
ventional in semiconductor manufacturing. For exam- 
ple, a mask for a linear spatially periodic pattern can be 
prepared on a quartz glass or other UV-transparent 
plate through a photoresist process similar to photogra- 
phy. The linear dark zones of the mask correspond to 
active binding reagent areas desired on the ultimate sur- 
face. 

In Step C, the mask 24 is mounted in a suitable sup- 
port 25 of a UV light focusing apparatus such as a Kari 
Suss Model 40 Mask Aligner (Karl Suss, Waterbury 



Center, Vermont 05677). The mask 24 is placed over 
the silicon dioxide surface 20 having a coating 26 of 
binding reagent, and the surface is exposed to ultravio- 
let radiation from UV radiation source 28 until the bind- 
s ing capability of the portions of the binding reagent ex- 
posed to the radiation is substantially reduced or pref- 
erably eliminated. To manufacture a precision grating 
design, the radiation should form a sharp image on the 
coated surface. Penumbrae should be minimized. Pref- 
10 erabty, the ultraviolet light passing through the mask is 
focused to a sharp image on the surface coating using 
conventkxial projection alignment technques without 
contact with the coated surface. 

The ultraviolet radiation exposure required todeac- 
IS tivate coating exposed thereto depends upon the bind- 
ing reagent. For antibody binding reagents, exposure 
times of from 30 sec to 30 min and preferably from 1 to 
5 min is sufficient with a ultraviolet radiation having a 
wavelength such as 254 nm and a power of from 8 to 
20 14 m illiwatts per cm^. Some adjustment in time of expo- 
sure and/or power may be necessary to deactivate the 
binding sites of other binding reagents. 

To alter the epitopes of antigenic binding reagents 
such as human IgG, exposure times of from 5 to 30 min 
25 and preferably from 5 to 10 min are sufficient with a ul- 
traviolet radiation having a wavelength of 254 nm and a 
power of from 8 to 14 milliwatts per cm^. Some adjust- 
ment in time of exposure and/or power may be neces- 
sary to alter or destroy the antigenic sites of other bind- 
30 ing reagents. 

This treatment reduces or eliminates the binding 
properties of the binding reagent in zones 10, leaving 
active binding reagent in a spatially periodic pattern or 
design as the zones 8 (Fig. 1 ). 
35 In Step D. the coated substrate containing areas 
having binding protein in a diffraction grating design is 
cut into smaller area chips 30, each chip having a size 
sufficient to perform a binding assay. These chips are 
then mounted on a suitable diagnostic support such as 
40 ihe dipstick shown in Fig. 3. 

Fig. 3 is a cross-sectional view of a dipstick having 
mounted thereon, a plurality of insoluble supports with 
non-light disturbing spatially periodic patterns or de- 
signs of binding reagents on the surfaces thereof. The 
46 dipstick body 32 has a plurality of insoluble support sur- 
faces 34 having a spatially periodic pattern or design of 
binding reagent coated thereon such the btogratings 
shown in Fig. 1 made by the process shown in Fig. 2. 
The materials from which the dipstick 32 are made are 
so preferably non-binding to minimize non-specific binding 
during the binding assay procedure. Suitable dipstick 
surface materials include polyolefins such as polyethyl- 
ene and polypropylene, hydrophilic polys il icon and 
polysiloxane polymers, and the like. Also suitable are 
55 polymers which have been treated to render the surfac- 
es non-binding to proteinaceous materials. The silanes 
can be applied to the silicon dioxide surface in a vapor 
phase, for example. 
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The support for the diffraction grating supports can 
be any articles upon which the diffraction grating support 
surface can be mounted. The description of dipsticks 
are provided by way of example, and not as a limitation. 
Other articles such as microwells. plates, cavities and 
the like can be used. For many appiicattons. dipsticks 
are a preferred embodiment. 

Fig. 4 is a fragmentary, magnified cross-sectional 
view of an alternate embodiment of this invention with 
a spatially periodic pattern of binding reagent on a mul- 
tilayer dielectric mirror. This highly reflective device 
comprises alternating layers of two transparent materi- 
als having different refractive indexes. Multiple dielectric 
mirrors and suitable transparent materials for manufac- 
turing them are described in Bom, Max et al, PRINCI- 
PLES OF OPTICS. 6lh ed. New York.Pergamon Press, 
pp 66 et seq (1980) and Hecht. Eugene, OPTICS. 2nd 
ed. Reading: Addison-Wesley. pp 377 et seq. the entire 
contents of which are hereby incorporated by reference. 
The preferred optical thickness of each layer is approx- 
imately one-quarter wavelength (kJA) of the light to be 
reflected measured in the direction of the light. The mir- 
rors are thus manufactured for use with collimated tight 
of a selected frequency, usually a selected laser fre- 
quency. 

The multilayer dielectric mirror comprises alternat- 
ing layers of units of a layer of one transparent material 
such as silicon dioxide 70 and a layer of another trans- 
parent material such as titanium dioxide 72 having the 
quarter wavelength optical thicknesses described 
above. The bottom reflective layer unit is supported on 
the optically flat surface of a wafer 74. Each successive 
reflective layer unit provides an incremental increase to 
the reflectivity. Although no theoretical limit to the 
number of reflective layer units exists, the amount of the 
reflectivity increase provided with each additional unit is 
incrementally smaller. 

As described above with respect to the embodiment 
of Fig. 1, the binding layer provides a spatially periodic 
design or pattern of active binding reagent. The periodic 
design comprises a plurality of zones of non-light dis- 
turbing active binding agent 76 separated by zones of 
non-light disturbing deactivated binding reagent 78, for 
example, binding reagent which has been deactivated 
by exposure to ultraviolet radiatbn. other deactivating 
radiation, or other deactivation energy. The binding re- 
agent is a member of a binding pair as described above. 

This inventk>n is further illustrated by the following 
specific but non-limiting examples. Examples which 
have been reduced to practice are stated in the past 
tense, and examples which are constructively reduced 
to practice herein are presented in the present tense. 
Temperatures are given in degrees Centigrade and 
weight as weight percents unless otherwise specified. 



EXAMPLE 1 

Aluminum Coated Silicon Surface 

s Bare silicon wafers are placed in a high frequency 
magnetron spunering chamber, the chamber evacuated 
to 5 X 1 0-^ torr. argon gas is introduced, and the plasma 
glow discharge is initiated to deposit aluminum on the 
silicon wafer surface using the procedures of VLSI 

10 TECHNOLOGY (supra) and MICROCHIP FABRICA- 
TION: A PRACTICAL GUIDE TO SEMICONDUCTOR 
PROCESSING, (supra). After 35 minutes, the plasma 
is terminated, the chamber vented, and the aluminum 
coated wafer removed. 

IS 

EXAMPLE 2 

Silicon Dioxide Coated Al/Si Support 

20 The product of Example 1 is placed In a high fre- 
quency magnetron sputtering chamber, the chamber 
evacuated to 5 x 1 0^® torr. and plasma gas is introduced. 
A plasma glow is initiated to clean the aluminum surface. 
Then a silicon dioxide target Is introduced or exposed. 

25 and after the desired silicon dioxide coating is formed 
on the aluminum surface, about 30 minutes, the plasma 
is terminated, the vessel vented, and the aluminum-on- 
silicon wafers with a 1000 A coating of silk:on dioxide 
are removed. 

30 

EXAMPLE 3 

APTS coated SiOo/AI/Si Support 

3S Aminopropyttriethoxysilane (APTS) is coated onto 
a silk:on dioxide/aluminum/silicon wafer by vapor depo- 
sition. The wafer is placed in a vacuum oven, the oven 
heated to 170°C, and the chamber evacuated to about 
0.1 torr. The aminopropyttriethoxysilane is introduced 

40 into the oven, allowed to vaporize, and the coating proc- 
ess is continued for 4 hr. The oven is evacuated to re- 
move remaining aminopropyltriethoxysilane vapor, and 
the wafer is retained in the oven for 8 hr to complete the 
coating reaction. The oven is then vented, and the APTS 

45 coated Si02/AI/Si wafer is removed. 

EXAMPLE 4 



so 



Sodium Silicate Coating on Al/Si Support 



A 3.1 molar sodium silrcate solution (VMR Scientific 
Catalog No. AL 68330) was diluted 1 :4 with deionized 
water, and pipetted onto an aluminum coated silicon wa- 
fer. The wafer was spun with a Model 6000 spin coater 
55 (Integrated Technologies, Inc. Asushnet, MA 02743) at 
3000 rpm for one min. The silicate coated wafer was 
then cured in an oven at 1 35*'C for 2 hr and allowed to 
cool to room temperature. 
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EXAMPLE 5 

APTS/SILICATE coatino on Al/Si Support 

A mixture of 3. 1 molar sodium silicate solution, ami- 
nopropyltriethoxysitane. and deionized water (1 :0.5:3.5 
vNN) was prepared. The solution was pipetted onto an 
aluminum coated silicon wafer. The wafer was spun with 
a Model 6000 spin coater (Integrated Technologies. Inc. 
Asushnet, MA 02743) at 3000 rpm for one min. The sil- 
icate coated wafer was then cured in an oven at 135*'C 
for 2 hr and allowed to cool to room temperature. 

EXAMPLE 6 

APTS-DEXTRAN-SILICATE Coating on At/Si Support 

To each ml of a mixture of 3. 1 moJar sodium silicate 
solution, aminopropyltriethoxysilane. anddeionized wa- 
ter (1 :0.5:3.5 v/v/v) was added 5 mg of dextran (50,000 
daltons). The mixture was pipetted onto a aluminum 
coated silicon wafer. The wafer was spun with a Model 
6000 spin coater (Integrated Technologies, Inc. Asush- 
net, MA 02743) at 3000 rpm for one min. The silicate 
coated wafer was then cured in an oven at 1 35'^C for 2 
hr and allowed to cool to room temperature. 

EXAMPLE 7 

Reflectivities of Coated Al/Si Supports 

The reflectivities of the silicon surfaces prepared in 
Examples 1-6 were determined. The silicon surfaces 
were illuminated with a Model 1107P Helium-Neon La- 
ser (Uniphase, Sunnyvale, CA 94086) at an incident an- 
gle of 75*^. The reflected light intensity was measured 
with a Model 61 Optometer (United Detector Technolo- 
gy. Hawthorne, CA). A reflectivity of 80% or higher was 
found on all surfaces. 



Surface Coating 


Reflectivity 


Silicon Dioxide 


0.92 


APTS/Silicon Dioxide 


0.84 


Silicate 


0.85 


APTS/Silicate 


0.80 


APTS/Sil icate/Dextran 


0.80 



EXAMPLE 8 

Monoclonal Anti-p-hCG (Fab) coating 

A silicon dioxide/aluminum/silicon wafer, coated by 
vapor deposition with APTS, was incubated with a so- 
lution of monoclonal anti-^hCG (Fab) In 0.01 M phos- 
phate buffer. pH 7.4 (100 jig/ml) at 4-8'C for 4 hr. The 
surface was briefly washed with 0.05 M Tris buffer, pH 



8.5, containing 2.5% sucrose. It was then incubated with 
0.05 M Tris buffer. pH 8.5. containing 2.5% sucrose and 
0.5 wt.% human serum albumin (HSA) at 4-8°C for 30 
min. The residual liquid was rerrxTved by spinning the 
5 wafer to yield an anti-p-hCG coated silicon dioxide sur- 
face. 

EXAMPLE 9 



Monoclonal anti-p-hCG antibody was diluted in 0.2 
M of acetate buffer. pH 5.0, to a concentration of 2 mg/ 
ml. The solution was cooled in an ice bath, and a solution 

IS of sodium periodate (22.4 mg/ml) in 0. 1 M acetate buffer 
was slowly added. The mixture was then stirred at 4-B''C 
for 1 to 1 .5 hr and then dialyzed against 2 L of 0. 1 M 
carbonate buffer, pH 8.9. at 4-8*C for 4-6 hr. The anti- 
body solution obtained was Incubated with a silicon di- 

20 oxide/aluminum coated silicon wafer surface which has 
been coated with APTS by vapor deposition in a refrig- 
erator overnight. The surface was briefly washed with 
0.05 M Tris buffer, pH 8.5, containing 2.5% sucrose. It 
was then incubated with 0.05 M Tris buffer, pH 8.5, con- 

ss taining 2.5% sucrose and 0.5 wt.% human serum albu- 
min (HSA) at 4-8**C for 30 min. The residual liquid was 
removed by spinning the wafer to yield an anti-^-hCG 
coated silicon dioxide surface. 



BioQratinq Preparation 

An anti-p-hCG coated silicon dioxide surface pre- 
35 pared by the procedure of Example 8 was placed under 
a photomask using a Kari Suss Model 40 Mask Aligner. 
The photomask has parallel opaque lines having a cent- 
er-to-center distance, d, of 10 |j.m. The surface was illu- 
minated with UV light at 254 nm for 6 min. After illumi- 
40 nation, the surface was dk;ed into 4x6 mm chips. 

EXAMPLE 11 

Anti-B-hCG (Fab) Biograting Immunoassay 

45 

The 4x6 mm chips prepared in Example 10 were 
rrK)unted on a microscope slide and incubated with 6CX). 
300, 150, 75 and 0 mlU/ml of p-hCG solutions (test sam- 
ples) at room temperature for 5 min. The surface was 
50 washed with deionized water and dried with a stream of 
air. The diffraction intensities of the surfaces were de- 
termined with a Model 61 optometer to give a dose re- 
sponse curve shown in Fig. 5. 



Claims 

1 . A reflective diffraction assay device for detecting an 
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10 Monoclonal Anti-B-HCG (IqG) Coating 
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analyte comprising an opticatly flat layer of a trans- 
parent composition having a first and second sur- 
face, a spatially periodic pattern of zones of active 
and inactive binding reagent on the first surface, 
and a reflective metal layer on the second surlace, 
the reflective metal layer having a thickness suffi- 
cient to prevent transmission of substantially all in- 
cident light therethrough, wherein said active bind- 
ing reagent selectively binds said analyte. 

2. The reflective diffraction assay device of Claim 1 
wherein the reflective metal layer is supported on 
an opticatly flat surface. 

3. The reflective diffraction assay device of Claim 1 or 
Claim 2 wherein the reflective metal is aluminum, 
gold, silver, chromium, platinum, nickel or titanium. 

4. The reflective diffraction assay device of any one of 
the preceding claims wherein the transparent com- 
position comprises silicon dioxide. 

5. The reflective diffraction assay device of Claim 4 
wherein the layer of silicon dbxide is formed by 
sputtering of silicon dioxide. 

6. The reflective diffraction assay device of any one of 
claims 1 to 3 wherein transparent composition is 
formed by coating an alkali metal silicate solution 
on the surface of the reflective metal. 

7. The reflective diffraction assay device of claim 4 or 
claim 5 wherein the flrst surface of the transparent 
layer comprises a protein binding reagent. 

8. The reflective diffraction assay device of claim 7 
wherein the transparent composition is formed by 
coating an alkali metal silicate solution on the sur- 
face of the reflective metal, and the protein binding 
reagent is present in the solution. 

9. The reflective diffraction assay device of claim 7 or 
claim 8 wherein the protein binding reagent is an 
aminosilane. 

10. The reflective diffraction assay device of claim 9 
wherein the aminosilane is an aminoalkylsilane. 
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from 1 to 18 carbons, or an aminoalkytamino 
group having from 1 to 18 caitx>ns; and 

R2. and R3 are each, individually, a lower alkyi 
or alkoxy group. 

12. The reflective diffraction assay device of Claim 11 
wherein the transparent composition layer is 
formed by coating an alkali metal silicate solutbn 
on the surface of the reflective metal, and the alkali 
metal silicate solution contains from 1 to 20 wt.% 
alkali metal silrcate and from 0.5 to 15 wt.% of the 
aminoalkylsilane. 



IS 13. The reflective diffraction assay device of Claim 11 
wherein the aminoalkylsilane is applied and bonded 
to the layer of silicon dioxide by vapor deposition. 



1 4. The reflective diffraction assay device of any one of 
claims 1 1 to 1 3 wherein the aminoalkylsilane is ami- 
nopropyltriethoxysilane or N-(2-aminoethyl)-3-ami- 
nopropyltriethoxysilane. 

15. The reflective diffraction assay device of Claim 12 
wherein the alkali metal silicate solution contains 
from 1 to 20 mg/ml of a water-soluble hydroxylated 
polymer. 

16. The reflective diffraction assay device of Claim 15 
wherein the hydroxylated polymer is a dextran hav- 
ing a molecular weight in the range of from 5000 to 
500.000. 

17. The reflective diffraction assay device of any one of 
the preceding claims wherein the binding reagent 
is a member of a binding pair, one member of which 
is an antibody; antibody fragment selected from the 
group consisting of Fab'. Fab. F(ab')2 fragments; 
hybrid antibody; antigen; hapten; protein A; protein 
G; lectin; biotin; avidin; chelating agent; enzyme; 
enzyme inhibitor; protein receptor; nucleotide hy- 
bridizing agent; or a bacterium, virus, Mycoptasmat- 
ales, spore, parasite, yeast, or fragment thereof; or 
combinations thereof. 

18. A method for making a reflective diffraction assay 
device comprising 
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11. The reflective diffraction assay device of claim 10 
wherein the aminosilane is an aminoalkylsilane so 
having the formula: 



Rg RgRgSiCHgR.! 

wherein, 

R, is hydrogen, an aminoalkyi group having 
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a) uniformly adhering a binding reagent to a flrst 
surface of an optically flat layer of a transparent 
composition having a flrst and second surface, 
a reflective metal layer on the second surface 
having a thickness sufficient to prevent trans- 
mission of substantially all light therethrough; 
and 

b) selectively deactivating zones of the binding 
reagent to form a diffractbn grating pattern of 
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alternating zones of active and deactivated 
binding reagent by exposing the surface to a 
deactivating amount of UV light through a trans- 
parent mask having a spatially periodic pattern 
of opaque zones thereon. 

19. The method of Claim 1 8 wherein the reflective metal 
layer is supported on an optically flat surface. 

20. The method of Claim 18 or Claim 19 wherein the 
reflective metal is aluminium, gold, silver, chromi- 
um, platinum, nickel or titanium. 

21. The method of any one of Clalnns 18 to 20 wherein 
the transparent composition is silicon dioxide. 

22. The method of Claim 21 wherein the layer of silicon 
dioxide is formed by sputtering of silicon dioxide. 

23. The method of any one of claims 18 to 20 wherein 
the transparent composition is formed by coating an 
alkali metal silicate solution on the surface of the 
reflective metal. 

24. The method of Claim 21 or Claim 22 wherein the 
first surface of the transparent composition layer 
comprises an aminoalkylsilane having the formula: 

Rg R^RgSiCHgR^ 

wherein, 

is hydrogen, an aminoalkyi group having 
from 1 to 18 carbons, or an aminoalkylamino 
group having from 1 to 1 8 carbons; and 
R2, and R3 are each, individually, a lower alkyi 
or alkoxy group. 

25. The method of claim 24 wherein the transparent 
composition layer is formed by coating an alkali 
metal silicate solution on the surface of the reflec- 
tive metal, and the alkali metal silicate solution con- 
tains from 1 to 20 wt.% alkali silicate and from 0.5 
to 1 5 wt.% of the aminoalkylsilane. 

26. The method of claim 24 wherein the aminoalkylsi- 
lane is applied and bonded to the layer of silicon 
dioxide by vapor deposltkxi. 

27. The method of any one of claims 24 to 26 wherein 
the aminoalkysilane is aminopropyltriethoxysilane 
or N-(2-amlnoethyl)-3-aminopropyl-triethoxysilane. 

28. The method of Claim 25 wherein the alkali metal 
silicate solution contains from 1 to 20 mg/ml of a 
water-soluble hydroxylated polymer. 



29. The method of claim 28 wherein the hydroxylated 
pofymer is a dextran having a nrK)lecular weight in 
the range of from 5000 to 500,000. 

s 30. The method of any one of claims 18 to 29 wherein 
the binding reagent is a member of a binding pair, 
one member of which is an antibody; antibody frag- 
ment selected from the group consisting Fab'. Fab, 
F(ab')2 fragments; hybrid antibody; antigen; hapten; 

10 protein A; protein G; lectin; biotin; avidin; chelating 
agent; enzyme; enzyme inhibitor; protein receptor; 
nucleotide hybridizing agent; or a bacteria, virus, 
Mycoplasmatales, spore, parasite, yeast, or frag- 
ment thereof; or combinations thereof. 

IS 

31. A reflective diffraction assay device comprising al- 
ternating zones of active and inactive binding rea- 
gent in a spatially periodic pattern on the surface 
layer of a multilayer dielectric mirror comprising al- 
^0 ternating layers of first and second transparent ma- 
terials supported on an optically flat support, each 
of the first and second transparent materials having 
differing diffraction indexes. 

2S 32. The reflective diffraction assay device of Claim 31 
wherein said surface layer comprises the first trans- 
parent material and is silicon dk)xide. 

33. The reflective diffraction assay device of Claim 31 
30 or Claim 32 wherein the second transparent mate- 
rial is titanium dioxide. 

34. The reflective diffraction assay device of any one of 
claims 31 to 33 wherein the binding reagent is a 

35 member of a binding pair, one member of which is 
an antibody; antibody fragment selected from the 
group consisting of Fab'. Fab. F(ab')2 fragments; 
hybrid antibody; antigen; hapten; protein A; protein 
G; lectin; biotin; avidin; chelating agent; enzyme; 

40 enzyme Inhibitor; protein receptor; nucleotide hy- 
bridizing agent; or a bacterium, virus, Mycoplasmat- 
ales, spore, parasite, yeast, or fragment thereof; or 
combinations thereof. 

45 35. The reflective diffraction assay devkje of any one of 
claims 1 to 1 7 wherein the reflective metal layer has 
a thk:kness sufficient to reflect at least 99% of inci- 
dent light. 

50 36. The reflective diffraction assay device of Claim 35 
wherein the reflective metal layer is aluminium of a 
thickness of at least IOOOA. 

37. The reflective diffraction assay device of any one of 
55 claims 1 to 1 7 wherein the transparent compositbn 
layer has a thickness of about IOOOA. 



10 



19 



EP 0 528 988 B1 



20 



Patentanspruche 



ist. 



1. Reflexions-Diffraktionsassay-Vorrichtung zum 
Nachweis eines Analyten, umfassend eine optisch 
plane Schicht aus einer transparenten Zusammen- 
setzung mil einer ersten und einer zweiten Oberfia- 
Che, ein raumlich periodisches Zonenmuster von 
aktivem und inaktivem Bindereagens auf der ersten 
Oberflache und eine reflektierende Metallschicht 
auf der zweiten Oberflache. wobei die reflektieren- 
de Metallschicht eine Dicke aufweist, die ausreicht. 
um den Ourchgang im wesentlichen alien auftref- 
fenden Lichtsdurch sie hindurch zu verhindern, wo- 
bei das aktive Bindereagens den Analyten selektiv 
bindet. 

2. Reflexions-Diffraktionsassay-Vorrichlung nach An- 
spruch 1 , worin die reflektierende Metallschicht auf 
einer optisch planen Oberflache getragen wird. 

3. Reflexions-Diffraktlonsassay-Vorrichtung nach An- 
spruch 1 Oder 2. worin das reflektierende Metall Alu- 
minium. Gold. Silber, Chrom, Platin, Nickel oder Ti- 
tan ist. 

4. Reflexions-Diffraktionsassay-Vorrichtung nach ei- 
nem der vorangegangenen Anspruche, worin die 
transparente Zusammensetzung Siliziumdioxid 
umfaBt. 

5. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 4, worin die Schk^ht aus Siliziumdbxiddurch 
Sputtern von Siliziumdk>xid gebildet wird. 

6. Reflexions-Diffraktionsassay-Vorrichtung nach ei- 
nem der AnsprOche 1 bis 3, worin die transparente 
Zusammensetzung durch Beschichten der Oberfla- 
che des reflektierenden Metalls mit einer Alkatime- 
tallsilikat-Losung gebildet wird. 

7. Reflexions-Dlffraktionsassay-Vorrichtung nach An- 
spruch 4 Oder 5, worin die erste Oberflache der 
transparenten Schicht ein Proteinbtndereagens 
umfaBt. 

8. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 7, worin die transparente Zusammenset- 
zung durch Beschk:hten der Oberflache des reflek- 
tierenden Metalls mit einer Alkalimetallsilikat-L6- 
sung gebikdet wird und das Proteinbindereagens in 
der Losung vorhanden ist. 

9. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 7 Oder 8, worin das Proteinbindereagens ein 
Aminosilan ist. 

10. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 9. worin das Amtnosiian ein Aminoalkylsilan 



11. Reflexions-Diffraktk>nsassay-Vorrichtung nach An- 
spruch 10» worin das Aminosilan ein Aminoal- 

s kylsilan der Formel 

10 ist, worin 

R^ Wasserstoff, eine Amtnoalkylgruppe mit 1 
bis 18 Kohlenstoffen oder eine Aminoalkylami- 
nogruppe mit 1 bis 18 Kohlenstoffatomen ist; 
IS und 

R2 und R3 unabhangig voneinander jeweils ei- 
ne NiederalkyI- oder -alkoxygruppe sind. 

12. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
20 spruch 11 , worin die Schicht der transparenten Zu- 
sammensetzung durch Beschichten der Oberflache 
des reflektierenden Metalls mit einer Alkalimetallsi- 
likat-Losung gebildet wird und die Alkalimetallsili- 
kat-Losung 1 bis 20 Gew.-% Atkalimetaltsiltkat und 

25 0,5 bis 15 Gew.-% des Aminoalkylsilans enthalt. 

13. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 11 , worin das Aminoalkylsilan durch Dampf- 
abschekiung auf die Siliziumdioxidschicht aufge- 

30 bracht und mit dieser verbunden wird. 

14. Reflexions-Drffrakttonsassay-Vorrichtung nach et- 
nem der Anspruche 11 bis 13. worin das Aminoal- 
kylsilan Aminopropyltriethoxysilan oder N-(2-Ami- 

35 noethyl)-3-aminopropyltriethoxysilan ist. 

15. Reftexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 12, worin die Alkalimetallsilikat-Losung 1 bis 
20 mg/ml eines wasserloslichen, Hydroxylgruppen 

40 aufweisenden Polymers enthalt. 

16. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 1 5, worin das Hydroxylgruppen aufweisen- 
de Polymer ein Dextran mit einem Molekularge- 

45 wicht im Beretch von 5.000 bis 500.000 ist. 

17. Reflexions-Diffraktk>nsassay-Vorrk;htung nach ei- 
nem der vorangegangenen AnsprOche, worin das 
Bindereagens ein Tell eines Bindungspaars ist, von 

50 dem ein Teil ein Antikorper; Antikorperfragment, 
ausgewahit aus der aus Fab'-, Fab-, F(ab')2- Frag- 
menten bestehenden Gruppe; Hybridantikorper; 
Antigen; Hapten; Protein A; Protein G; Lectin; Bio- 
tin; Avidin; ein Chelatbildner; Enzym; Enzyminhibi- 

55 tor; Protein rezeptor; Nukleotidhybridisierungsmit- 
tei; Oder ein Bakterium. ein Virus, ein Vertreter aus 
derOrdnung Mycoplasmatales. eine Spore, ein Pa- 
rasit, eine Hefe, oder ein Fragment davon; oder ei- 
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ne Kombination davon ist. 

18. Verfahren zur Herstellung emer Reflexions-Diffrak- 
ttonsassay-Vorrichtung. umfassend: 

a) das gleichmaBige Ankleben eines Binderea- 
gens an eine erste Oberflache einer optisch 
planen Schicht aus einer transparenten Zu- 
sammensetzung mit einer ersten und einer 
zweiten Oberflache, wobei eine reflektierende 
Metallschicht auf der zweiten Oberflache eine 
Dicke autweist, die ausreicht, urn den Durch- 
gang im wesentllchen alien Lk:htsdurch sie htn- 
durch zu verhindem; und 

b) das selektive Deaktivieren von Zonen des 
BIndereagens, urn ein Diffraktionsgittermuster 
atternierender Zonen von aktivem und deakti- 
viertem Bindereagens zu bilden, indem die 
Oberflache durch eine transparente Maske mit 
einem darauf ausgebildeten, raumlich pertodi- 
schen Muster lichtundurchlassiger Zonen hin- 
durch einer deaktivierenden Menge an UV- 
Licht ausgesetzt wird. 

19. Verfahren nach Anspruch 18, worin die reflektieren- 
de Metallschicht auf einer optisch planen Oberfla- 
che getragen wird. 

20. Verfahren nach Anspruch 18 oder 1 9, worin das re- 
flektierende Metal! Aluminium. Gold, Silber, Chrom, 
Platin, Nickel oder Titan ist. 

21. Verfahren nach einem der Anspruche 18 bis 20. 
worin die transparente Zusammensetzung Silizium- 
dioxid umfaBt. 

22. Verfahren nach Anspruch 21 , worin die Schicht aus 
Siliziumdioxid durch Sputtem von Siliziumdioxid 
gebikJet wird. 

23. Verfahren nach einem der Anspruche 18 bis 20, 
worin die transparente Zusammensetzung durch 
Beschichten der Oberflache des reflektierenden 
Metalls mit einer Alkalimetallsilikat-Losung gebildet 
wird. 

24. Verfahren nach Anspruch 21 oder 22, worin die er- 
ste Oberflache der transparenten Zusammenset- 
zung ein Aminoalkylsilan der Formel 

Rg Rg RgSiCHgRi 

umfaBt. worin 

R| Wasserstoff, eine Aminoalkylgruppe mit 1 
bis 18 Kohlenstoffen oder eine Aminoalkylami- 
nogruppe mit 1 bis 18 Kohtenstoffatomen ist; 
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und 

R2 und R3 unabhangig voneinander jeweils ei- 
ne NiederalkyI- oder -alkoxygruppe sitkI. 

s 25. Verfahren nach Anspruch 24, worin die Schicht der 
transparenten Zusammensetzung durch Beschfch- 
ten der Oberflache des reflektierenden Metalls mit 
einer Atkalimetallsilikat-Losung gebildet wird und 
die Alkallmetallsilikat-Losung 1 bis 20 Gew.-% Al- 

10 kalimetallsilikat und 0.5 bis 1 5 Gew.-% des Amino- 
alkylsilans enthalt. 

26. Verfahren nach Anspruch 24, worin das Aminoal- 
kylsilan durch Dampfabscheidung auf die Sillzium- 

15 dk>xidschicht aufgebracht und mit dieser verbun- 
den wird. 

27. Verfahren nach einem der Anspruche 24 bis 26, 
worin das Aminoalkylsilan Aminopropyltriethoxy- 

20 silan Oder N-(2-Aminoethyl)-3-aminopro- 
pyltrlethoxysllan ist. 

28. Verfahren nach Anspruch 25, worin die Alkalimetall- 
silikat-Losung 1 bis 20 mg/ml eines wasserlosli- 

25 Chen, Hydroxylgruppen aufweisenden Polymers 
enthalt. 

29. Verfahren nach Anspruch 28, worin das Hydroxyl- 
gruppen aufweisende Polymer ein Dextran mit ei- 

30 nem Molekulargewlcht im Bereich von 5.000 bis 
500.000 ist. 

30. Verfahren nach einem der Anspruche 18 bis 29, 
worin das Bindereagens ein Teil eines Bindungs- 

35 paars ist, von dem ein Teil ein Antikorper; Antikor- 
perfragment, ausgewahit aus der aus Fab'-, Fab-, 
F(ab')2-Fragmenten bestehenden Gruppe; Hybrid- 
antikorpen Antigen; Hapten; Protein A; Protein G; 
Lectin; Biotin; Avidin; ein Chelatbildner; Enzym; En- 

40 zyminhibltor; Protein rezeptor; Nukleotldhybridisie- 
rungsmittel; oder ein Bakterium, ein Virus, ein Ver- 
treteraus derOrdnung Mycoplasmatales, eine Spo- 
re, ein Parasrt. eine Hefe. oder ein Fragment davon; 
Oder eine Kombination davon ist. 

4S 

31. Reflex ions-D iff raktbnsassay-Vorrichtung. umfas- 
send alternierende Zonen von aktivem und inakti- 
vem Bindereagens in einem raumlich perkxJischen 
Muster auf der Oberf lachenschicht eines aus meh- 

50 reren Schichten bestehenden dielektrischen Spie- 
gels, umfassend alternierende Schichten eines er- 
sten und eines zweiten transparenten Materials, die 
auf einem optisch planen Trager getragen werden, 
wobei das erste und das zweite transparente Mate- 
rs rial jeweils unterschiedliche Brechungsindizes auf- 
weisen. 

32. Reflexions-Diffraktionsassay-Vorrk:htung nach An- 
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spruch 31 » worin die Oberflachenschicht das erste 
transparente Material umfaBt und aus SHiziunxii- 
oxid besteht. 

33. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 31 Oder 32, worin das zweite transparente 
Material Titandioxid ist. 

34. Reflexions-Dlffraktionsassay-Vorrichtung nach ei- 
nem der Ansprucho 31 bis 33, worin das Binderea- 
gens ein Teil eines Bindungspaars ist, von dem ein 
Teil ein Antikorper. Antikorpertragment, ausgewahit 
aus der aus Fab*-. Fab-. F(ab')2-Fragmenten beste- 
henden Gruppe; Hybridantikorper; Antigen; Hap- 
ten; Protein A; Protein G; Lectin; Biotin; Avidin; ein 
Chelatbildner; Enzym; Enzyminhibitor; Proteinre- 
zeptor; Nukleotldhybridisierungsmittel; Oder ein 
Bakterium, ein Virus, ein VertreterausderOrdnung 
Mycoplasmatales, eine Spore, ein Parasit, eine He- 
te, Oder ein Fragment davon; Oder eine Kombinati- 
on davon ist. 

35. Reflexrons-Diffraktionsassay-Vorrichtung nach ei- 
nem der Anspruche 1 bis 17, worin die reflektieren- 
de Metallschicht eine Dicke aufweist. die ausreicht. 
urn zumindest 99% des auftreffenden Lichts zu re- 
flektieren. 

36. Reflexions-Diffraktionsassay-Vorrichtung nach An- 
spruch 35, worin die reftektierende Metallschicht 
aus Aluminium mit einer Dicke von zumindest 1000 
A besteht. 

37. Reflexions-Ditfraktionsassay-Vorrichtung nach ei- 
nem der Anspruche 1 bis 17, worin die transparente 
Zusammensetzungsschicht eine Dk:ke von etwa 
1000 A aufweist. 



Revendications 

1 . Dispositif d'analyse de diffraction rdfldchissant pour 
d6tecter un analyte comprenant une couche opti- 
quement plane d'une composition transparente 
ayant une premiere et une seconde surface, un mo- 
tif spatialement pdriodique de zones d'un rdactif de 
liaison actif et inactif sur la premiere surface, et une 
couche de mdtal r^fl6chissant sur la seconde sur- 
face, la couche de m6tal r^fltehissant ayant une 
dpaisseur suffisante pour empdcher la transmission 
de substantiellement toute la lumtdre incidente d 
travers elle, ou I edit r^actif de liaison actif se lie s6- 
lectivement audit analyte. 

2. Dispositif d'analyse de diffraction r6fl6chissant se- 
lon la revendication 1 ou la couche de m^tal r6fl6- 
chissant est support^e sur une surface optique- 
ment plane. 



3. Dispositif d'analyse de diffraction r6ft6chissant se- 
bn la revendication 1 ou la revendication 2 ou le 
mdtal r^fldchissant est de i'aluminium. de Tor. de 
I'argent. du chrome, du platine, du nickel ou du tita- 

s ne. 

4. Dispositif d'analyse de diffraction r6fl6chissant se- 
Ion Tune quelconque des revendications prec6den- 
tes ou la composition transparente comprend du 

10 dioxyde de silicium. 

5. Dispositif d'analyse de diffraction r^fl^chissant se- 
ton la revendication 4 ou la couche de dioxyde de 
silicium est formde par vaporisation de dioxyde de 

IS sitteium. 

6. Dispositif d'analyse de diffraction r6fl6chissant se- 
lon I'une quelconque des revendications 1 ^ 3 ou la 
composition transparente est form6e par rev§te- 

20 ment d'une solution de silicate d'un m6tal alcali sur 
la surface du m6tal r6fl6chissant. 

7. Dispositif d'analyse de diffraction r^fl^chissant se- 
bn la revendication 4 ou la revendbation 5 ou la 

2S premiere surface de la couche transparente com- 
prend un r^actif de liaison de protdines. 

8. Dispositif d'analyse de diffraction rdfl6chissant sa- 
lon la revendication 7 ou la composition transparen- 
ce te est form6e par revStement d'une solution de sili- 
cate de mdtal alcali sur la surface du metal r6fl6- 
chissant, et te r^actrf de liaison de prot^ines est pre- 
sent dans la solution. 

3S 9. Dispositif d'analyse de diffraction r6fl6chissant se- 
\on la revendication 7 ou la revendication 8 ou le 
r^actif de liaison de prot^ines est un aminosilane. 

10. Dispositif d'analyse de diffraction r^fl^chissant se- 
40 Ion la revendication 9 ou I'aminosilane est un ami- 

noalkylsilane. 

11. Dispositif d'analyse de diffraction refldchissant sa- 
lon la revendication 10 ou I'aminosilane est un ami- 

4S noalkylsilane ayant la formula : 

^2^3 ^3^'^ ^2^1 

SO ou 

R, est un hydrogfene, un groupe aminoalkyle 
ayant de 1 ^ 18 cartx)nes, ou un groupe ami- 
noalkyiamino ayant de 1 ^ 18 carbones ; et 
ss Rg, et R3 sont chacun, individuellement, un 

groupe alcoxy ou alkyle inf6rieur. 

12. Dispositif d'analyse de diffraction r6fl6chissant se- 
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Ion la revendication 11 ou la couche de composition 
transparente est formda par revdtement d'une so- 
lution de silicate de mdtal alcali sur la surface du 
mStal rdfl§chissant, et la solution de silicate de md- 
tal alcali contient de 1 6 20% en poids de silicate de s 
m^tal ajcaii et de 0.5 ci 1 5% en poids de Taminoalk- 
ylsilane. 

13. Dispositif d'analyse de diffraction r6fl§chissant se- 

lon la revendication 1 1 ou raminoalkylsilane est ap- io 
ptiqud et \\6 d la couche de dioxyde de silicium par 
d6pdt en phase vapeur. 

14. Dispositif d'anatyse de diffraction r6fl6chissant sa- 
lon Tune quelconque des revendications 11 ^ 1 3 ou is 

raminoalkylsilane est raminopropyltri6lhoxyslIane 
ou le N-(2-amino6thyl)-3-aminopropryltri6thoxysi- 
lane. 

15. Dispositif d'analyse de diffraction r6fl6chissant se- 
Ion la revendication 12 ou la solution de silicate de 
mdtal alcali contient de 1 d 20 mg/ml d'un polym^re 
hydroxyl^ soluble dans I'eau. 

16. Dispositif d'analyse de diffraction r6fl6chissant se- 2S 
Ion la revendication 15 ou le polymdre hydroxyld est 

un dextran ayant un poids motSculaire dans I'inter- 
valle de 5 000 ^ 500 000. 

17. Dispositif d'analyse de diffraction r^fl^chissant se- 30 
Ion i'une quelconque des revendications pr6c6den- 

tes ou le reactif de liaison est un membre d'une pai- 
re de liaisons, dont un membre est un anticorps ; 
un fragment d'anticorps choisi dans le groupe con- 
sistant en les fragments Fab', Fab, F(ab')2 ; un an- 3S 
ticorps hybride ; un antig^ne ; un hapt&ne ; une pro- 
tdine A ; une protdine G ; la lectine ; la blotine ; 
I'avidine ; un agent chdiatant ; un enzyme ; un inhi- 
biteur d'enzyme ; un r^cepteur de proteine ; un 
agent d'hybridation de nucleotide ; ou une bact^rie, 
un virus, des Mycoplasmatales, un spore, un para- 
site, une levure, ou un fragment de ceux-ci ; ou des 
combinaisons de ceux-ci. 

18. l\46thode de fabricatk>n d'un dispositif d'analyse de 
diffraction rSfldchissant comprenant : 

a) TadhSsion uniformSment d'un rdactif de 
liaison sur une premiere surface d*une couche 
optlquement plane d'une composition transpa- so 
rente ayant une premiere et une seconde sur- 
face, d'une couche de mStal rdfl6chissant sur 

la seconde surface ayant une 6paisseur suffi- 
sante pour empecher la transmission de subs- 
tantiellement toute la lumi^re d travers elle ; et ss 

b) ia d6sactivatlon s^lectivement de zones du 
rdactif de liaison pour former un motif de rdseau 



de diffraction de zones altem^es de reactif de 
liaison ddsactivd et act if par exposition de la 
surface d une quantity d6sactivante de iumidre 
UV ^ travers un masque transparent ayant un 
motif spatialement pdriodique de zones opa- 
ques sur lui. 

19. M^thode selon la revendication 18 ou la couche de 
m^tal r^fl^chissant est supportSe sur une surface 
optiquement plane. 

20. M6thode sek^n la revendication 18 ou la revendica- 
tion 1 9 ou le m^tat r^fl^chissant est I'aluminium, Tor, 
I'argent, le chrome, le platine, le nickel ou le titane. 

21. M6thode selon I'une quelconque des revendica- 
tions 18 ^ 20 ou la composition transparente est le 
dk)xyde de silicium. 

22. Mdthode selon la revendication 21 ou la couche de 
dioxyde de silicium est formSe par vaporisation de 
dioxyde de silicium. 

23. Methods selon I'une quelconque des revendk:a- 
tlons 18 d 20 ou la composition transparente est for- 
mde par revdtement d'une solution de silicate de 
mdtal alcali sur la surface du mdtal r6fl6chissant. 

24. M6thode selon la revendication 21 ou ta revendica- 
tion 22 ou la premidre surface de la couche de com- 
position transparente comprend un aminoalkylsila- 
ne ayant la formula : 

oij, 

est un hydrogene, un groupe aminoalkyi 
ayant de 1 ^ 18 carbones, ou un groupe alky- 
lamtno ayant de 1 ^18 carbones ; et 
R2, et R3 sont chacun, individuellement, un 
groupe alcoxy ou alkyle Inf^rieur. 

25. Mdthode selon la revendication 24 ou la couche de 
composition transparente est fomn6e par revdte- 
ment d'une solution de silicate de mdtal alcali sur la 
surface du mdtal rdfldchissant. et la solution de si- 
licate de mdtal alcali contient de 1 ^ 20% en poids 
de silicate ak;ali et de 0,5 d 1 5% en poids de rami- 
noalkylsilane. 

26. M6thode selon la revendication 24 ou raminoalkyl- 
silane est appliqud et lid k ia couche de dioxyde de 
silk:ium par ddpdt en phase vapeur. 

27. Mdthode selon I'une quelconque des revendica- 
tions 24 d 26 ou raminoalkylsilane et i'aminopropyl- 
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tri^thoxysilane ou le N-(2-amino6thyl)-3-aminopro- 
pyl-tridthoxysilane. 

28. Mdthode selon la revendication 25 ou ta solution de 
silicate de m6tal alcali contient de 1 ^ 20 mg/ml d'un 
polym6re hydroxyl6 soluble dans Teau. 

29. M6lhode selon la revendication 28 ou le polym^re 
hydroxy 16 est un dextran ayant un poids molSculai- 
re dans I'tntervalle de 5 000 ^ 500 000. 

30. M6thode selon Tune quelconque des revendica- 
tlons 18 d 29 ou le rtoctif de liaison est un membre 
d'une paire de liaisons, dont un membre est un 
antlcorps ; un fragment d'anticorps choisi dans le 
groupe consistant en les fragments Fab', Fab, F 
(ab')2 ; un anticorps hybride ; un antig^ne ; un 
hapt^ne ; une protdine A ; une prot6ine G ; la 
lectine ; la biotine ; I'avidine ; un agent ch6latant ; 
un enzyme ; un inhibiteur d'enzyme ; un r6cepteur 
de prot^ine ; un agent hybridant un nucleotide ; ou 
une bactdrie, un virus, un Mycoplasmatales. un 
spore, un parasite, une levure, ou un fragment de 
ceux-ct ; ou des combinaisons de ceux-ci. 

31. Dispositif d'analyse de diffraction r^fldchissant 
comprenant des zones alternees d'un r6actif de 
liaison actif et inactif dans un motif spatialement pe- 
riodique sur la couche de surface d'un miroir di6lec- 
trlque multicouche comprenant des couches alter- 
nees de premier et second mat6riaux transparents 
supportds sur un support optiquement plan, chacun 
des premier et second mat^riaux transparents 
ayant des indices de diffraction ditf Grants. 

32. Dispositif d'analyse de diffraction refl^chissant se- 
lon la revendication 31 ou ladite couche de surface 
comprend le premier mat6riau transparent et est du 
dioxyde de silicium. 

33. Dispositif d'analyse de diffraction r6fl6chissant se- 
lon la revendication 31 ou la revendication 32 ou le 
second mat6riau transparent est du dioxyde de ti- 
tan e. 

34. Dispositif d'analyse de diffraction refldchissant se- 
lon I'une quelconque des revendications 31 d 33 ou 
le r^actif de liaison est un membre d'une paire de 
liaison, dont un membre est un anticorps ; un frag- 
ment d'anticorps choisi dans le groupe consistant 
en les fragments Fab'. Fab, F(ab')2 ; un anticorps 
hybride ; unantig^ne ; unhapt^ne ; uneprot^ine A ; 
une proteine G ; la lectine ; la biotine ; I'avidine ; un 
agent ch^latant ; un enzyme ; un inhibiteur 
d'enzyme ; un r6cepteur de prot6lne ; un agent hy- 
bridant un nucleotide ; ou une bacterie, un virus, un 
Mycoplasmatales, un spore, un parasite, unelevure 
ou un fragment de ceux-ci : ou des combinaisons 
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de ceux-ci. 

35. Dispositif d'analyse de diffraction refiechissant se- 
lon I'une quelconque des revendications 1 ^ 17 ou 

s la couche de m6tal r6fI6chissant a une 6paisseur 
suffisante pour reftechir au moins 99% de la lumi^re 
incidente. 

36. Dispositif d'analyse de diffraction refiechissant se- 
10 Ion la revendication 35 ou la couche de metal refie- 

chissant est de I'aluminium d'une epaisseur d'au 
moins 1000 A. 

37. Dispositif d'analyse de diffraction refiechissant se- 
15 Ion I'une quelconque des revendications 1 d 17 ou 

la couche de composition transparente a une epais- 
seur d'environ 1000 A. 
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